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Starch compositions and the use thereof in the wet-end of paper preparation 

CER-103 

Technical field 

The present invention relates to starch compositions containing two differently modified 
starches. The compositions contain a mixture of an anionic and a cationic starch. After 
cooking the compositions are used in paper or cardboard preparation. The resulting paper 
and board are shown to have better characteristics than the paper and board prepared with 
the same components which have not been mixed and cooked together but which are 
added separately. Moreover, the prior mixing makes the addition of the components 
easier. 

Background of the invention 

In the production of paper, cellulose is pulped in a slurry, the slurry is then applied to a 
screen to orient the fibres and drain away the liquid. From the screen the paper is 
squeezed between rollers to further reduce the water content and after a final drying, 
paper is obtained. The strength of the paper is dependent on the nature of the pulp. Virgin 
pulp typically gives a stronger paper than pulp from a re-pulped paper of the same 
quality. Furthermore the strength of the paper decreases with every recycling. Therefore 
there is an interest in finding additives, which could increase the strength of the paper. 
It is known that the strength of paper can be increased by the addition of additives either 
before the size press or in the pulp i.e. at the wet end of paper production process. 
As fillers or binders starch or polyhydroxy high molecular weight polymers can be used. 
Often these molecules have further been modified by the addition of ionic groups to 
increase the binding capacity. 
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The starch or polymer is added to provide certain desirable quality characteristics. To 
increase especially the physical properties of the paper sheet different methods are 
available. 

As mentioned above there are two stages in the paper production process where starch or 
polymer is added; either the addition of cooked cationic starch (with different charge 
levels) or polymer is to the fibres in the very beginning of the process (wet-end) or it is at 
the stage of the size press, which is installed in the paper machine after the wet-end part 
and the first dryer section. Both methods have their advantages but they also suffer from 
limitations and disadvantages. 

Addition of the starch or polymer in the wet-end stage is only effective if the material is 
retained, in one way or another, by the fibres which form the basis of the paper or board. 
In order to achieve this, the starch or polymers, are substituted by cationic or anionic 
groups. The maximum amount of polymer that can be added is limited by the runnability 
of the product. 

The drawback of this is that in order to obtain optimum characteristics of the final 
material often a higher level of addition of the starch or polymer would be needed. 
For the cationic starch it is the maximum addition level of usually 2 to 2.5% that forms 
the natural barrier for further optimisation. Higher addition levels, needed for further 
strength improvement, cause severe runnability problems due to overcharging effects. 

In order to add more of the starch or polymer.it is also possible to add the material at a 
later stage when the paper sheet has been formed and dried. At this stage however the 
paper or board has to be re-wetted which calls for a further drying. Furthermore, contrary 
to the addition at the wet-end stage the addition at a later stage .does not give a 
homogeneous product the added polymer and/or starch will not be able to fully penetrate 
in the preformed material. The application of native starch, that is usually only 
enzymatically or thermochemically converted, at the size press stage has slightly different 
limitations. The main disadvantage is the reduction of the machine speed caused by the 
re-wetting of the paper during this application. It additionally consumes a lot of energy 
for the subsequent second drying process of the paper. Another barrier especially for high 
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grammage paper qualities is the penetration of the starch into the paper. In some cases, 
the sizing solution is unable to penetrate into the middle of the sheet and impart 
beneficial strength properties. 

Therefore in practice on many paper machines, producers combine the application of 
starch at the wet-end stage with that at the size press stage to obtain desired paper 
properties. 

For the aforementioned reasons, a replacement of the size press by higher starch and/or 
polymer addition levels in the wet-end would help to significantly increase productivity. 
To realise this, a product is needed, that allows high addition levels to create the needed 
strength properties and which provides sufficient self-retention. 

To adapt to this demand systems have been developed wherein combinations of 
oppositely charged starches and/or polymers are used. A starch or polymer is added at the 
beginning of the wet-end stage or it is mixed with the stock solution and the second 
oppositely charged polymer or starch is then added in the flow spreader or on the paper 
wire table. The combination of these two components then precipitates and this improves 
both retention and total amount, which can be added. The second component of this 
combination can also be added at the size press stage, but due to the low retention of the 
first component this is somewhat less efficient. 

In practice this system has too date not resulted in a process wherein the size press is 
replaced. Too date the addition of the two oppositely charged components is performed in 
two steps and the components are often prepared separately. 

This is for example illustrated by European Patent EP 0 282 415, wherein a process is 
described for the manufacturing of paper characterized by the fact that in the wet - end at 
two or several separate points one (or several) cationic starch(es) and one (or several) 
anionic starch(es) other than a starch phosphate are added. According to the examples the 
starches are added in pregelatinised form, which is obtained by cooking the starches just 
prior to addition. 
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International Patent application WO 96/05373 describes a process of applying a 
polyhydroxy high molecular weight polymer or like material to a substrate. The process 
comprises adding to a solution of such material in anionic form a flocculent of oppositely 
charged form in order to insolubilise such material and thereafter applying such 
unsolubilised material to said substrate. 

There is therefore a need to improve this system wherein both the addition is made easier 
and the size press can be abolished. 

Summary of the invention 

The present invention discloses a composition which when added to paper or board 
increases the strength characteristics and at the same time the composition is easy to add. 
The present invention discloses a composition consisting of an anionic and a cationic 
starch. Such mixtures are found to be suitable for addition to the wet-end of the paper 
production process. 

The present invention also discloses a method for treating the compositions with the aim 
of making them suitable for application in paper. Such a treatment consists of cooking the 
compositions batch- wise or through direct steam injection. 

The present invention further discloses the application of a composition consisting of an 
anionic and a cationic starch in the wet-end of the paper preparation. 
The compositions are cooked and added to the thick stock of the paper machine. 
Furthermore, the present invention discloses paper or board with addition levels of 
between 1 and 10 % (w/w) of the starch composition, preferably between 2 an 8 % and 
more preferably between 4 and 6 %. The paper containing such amounts of starch 
compositions of the present invention gives better paper strength properties then those, 
which are usually obtained by use of a combination of size press and wet-end starch, and 
wherein the cationic and anionic starches have been separately cooked and added. 



4 



Consequently, in a further embodiment the present invention also discloses a method, 
which enables paper producers to replace both, the size press and the conventional wet- 
end starch. 

A preferred embodiment of the present invention discloses a process for paper making 
which does not employ a size press. 



Brief description of the Figures 

Figure 1 shows the anionic demand of cationic potato starch and maize starch compared 
with mixtures of the present invention (Example 1). 

Figure 2 shows the different molecular weight distributions of the mixtures according to 
the present invention compared to a typical wet-end starch (Example 1). 

Detailed description of the invention 

The present invention discloses compositions of polymers, specifically starches. 
Although in general one of the polymers is preferably a starch and the other may be a 
starch or a synthetic polymer there is a preference for starch. The compositions contain a 
cationic and an anionic starch. The compositions comprising the two types of starches 
generally contain between 1 : 10 and 10:1 (w/w) of each of the starches. The ratio of the 
two components is chosen in such a way that the overall charge is slightly cationic. This 
secures the binding of the starch mixture to the anionic fibres/filler matrix in the wet end 
of the paper or board production process. One aspect for determining the overall charge is 
the ratio of the starches on the basis of their weight the other is that the overall charge 
depends on the degree of substitution with cationic or anionic groups. 
As basic starch it is possible to use all types of normally available starches i.e. wheat, 
corn, potato, tapioca and pea starches. 

The starches used in the present compositions are cationic starches mixed with anionic 
starches such as oxidised maize or modified waxy starches which have been treated with 
maleic or succinic anhydride. 
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It was surprisingly found that the mixtures comprising anionic and cationic starches were 
very easy to handle. Contrary to the normal process for paper preparation wherein the 
cationic and anionic components are added and prepared separately, which requires two 
preparation and storage units, the mixtures if cationic and anionic starches were cooked 
together and added at one point to the paper machines without any problems. 

The compositions of the present invention are dry mixtures and can thus easily be stored 
before use. The compositions can also be kept as slurry for some time before cooking. 

Thus compositions of the present invention are used after cooking up and they are added 
at one point. The present invention also discloses a method for treating the starch 
compositions with the aim of making them suitable for application in paper. 

Such a treatment consists of cooking the compositions batch-wise or through direct steam 
injection. With the use of the compositions of the present invention the process only 
requires one addition and preparation point. Which makes the process much cheaper. 

It was further found that the amount of polymer, which can be added in this way is much 
higher than the usual amounts which are added. Specifically, addition levels of between 1 
and 10 % (w/w) of the starch composition, preferably between 2 an 8 % and more 
preferably between 4 and 6 % have been reached. This results in a paper with better 
physical characteristics than when lower amounts are added. Note that even when equal 
amounts of polymers are added the quality of the paper based on the compositions of the 
present invention is higher. 

The present invention discloses a new method for making paper or board. The method, 
which makes use of a composition consisting of an anionic and a cationic starch, makes 
possible the preparation of paper or board without the use of a size press. 
The compositions are applied after cooking to the thick stock of the paper machine. 
Furthermore, the present invention discloses paper or board with addition levels of 
between 1 and 10 % (w/w) of the starch mixture, preferably between 2 an 8 % and more 
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preferably between 4 and 6 %. The paper containing such amounts of mixtures of the 
present invention give better paper strength properties then those, which are usually 
obtained by use of a combination of size press and wet-end starch. 

Consequently, the present invention also discloses a method, which enables paper 
producers to replace both, the size press and the conventional wet-end starch. The present 
invention discloses a process for paper making which does not employ a size press. 

The compositions mentioned above are cooked in slurry form with concentrations of up 
to 10% dry substance. The cooking can be provided by indirect heating (batch cooking 
with 30min. holding time) or through direct steam injection (jet cooking at 120°C). The 
obtained starch or starch/polymer paste can be diluted to its desired addition level, which 
is usually 2,5 to 5%. It can be stored for several hours provided that a sufficient stirring 
and a temperature of about 60 to 70°C are maintained. 

When added to the fibres during the paper process, addition levels of 5% and higher can 
be realised replacing the size press and the wet-end starch (if used). As a consequence 
higher production capacities can be realised due to lower steam consumption. The paper 
has not to be dried after the re-wetting process in the size press. Additionally investment 
respectively maintenance cost for the size press fall away. 

Example 1 shows that the compositions of the present invention are prepared having 
slight anionic demand with typical values of lower than 200 ^ieq preferably, lower than 
100 |ieq/L Such mixtures show a very good retention on the fibres. This means that the 
starches have slight cationic excess when compared with the cationic starches normally 
used in paper production. This serves to avoid overcharging at relatively high addition 
levels which are up to 1 0% (w/w). Note also that due to the composition of the mixtures 
the final product which, is added shows molecular weight distribution which, is shifted to 
somewhat higher values. 

Example 2 shows the application of mixtures of cationic and anionic starches in the 
preparation of paper on lab scale equipment. It has to be underlined that the maximum 
addition rate for a cationic potato starch in the aforementioned lab evaluations was 



limited to 2%. A higher dosage or lower substituted starches led to overcharging effects 
or insufficient paper properties. 

Tables 1 and 2 show that higher dosage is possible using cationic/anionic starch mixtures 
when compared with conventional cationic starch. The paper produced with mixtures 
according to the present invention has higher internal bond strength a higher breaking 
length and an increased bursting strength. 

In example 3 it is demonstrated that the effect found on lab scale is also found on plant 
scale. 

The advantages of the use of the compositions of the present invention can be 
summarised as follows. Due to the balanced charge situation of the composition product, 
more starch can be applied to the fibres without causing overcharging effects. 
Additionally, the simultaneous cooking forms complexes with a different molecular 
weight than the single components. In summa this provides a superior behaviour that 
enables paper producers to replace their size press by an easy to use single component 
system. 

The following examples further illustrate the present invention they allow to understand 
the advantages and are in no way meant to limit the invention. 
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Examples 

Example 1. Starch compositions 

The anionic demand of the starch mixtures of the present invention was determined and 
compared with the anionic demand of the normal cationic starches. Figure 1 discloses the 
charge situation of two cooked compositions (starch/starch) consisting of 60 % (w/w) 
anionic waxy starch (modified with maleic anhydride) and 40 % (w/w) cationic maize 
starch (D.S. (degree of substitution): 0.042) or 40 % (w/w) cationic potato starch (D.S.: 
0.040). 

The quantities and charge densities of the two components of the mixtures have to be 
selected in a way that provides the final cooked complex of the two polymers with a 
slight cationic net charge, which is high enough to enable the complex to be retained in 
the anionic fibre/filler matrix. The cationic charge has to be sufficient for retention, but 
on the other hand low enough to avoid overcharging of the system at higher addition rates 
than 2.5%. 

Figure 2 shows the different molecular weight of the mixture compared to a typical wet- 
end starch. 

Example 2. Paper preparation with compositions containing cationic and anionic starches 

Several lab investigations were performed. Lab sheets were made on a TECHPAP lab 
sheet former (retention tester) and were investigated with respect to properties according 
to standardised international paper testing methods. 

Method for lab sheet forming. 

Fibres are prepared in a mixing device according to the recipe of the furnish being used 
on the paper machine with a consistency of 0,5 to 1,0 % dry substance. Depending on the 
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paper quality some filler such as carbonate and some recycled fibres (coated and 
uncoated) are additionally applied. 

A defined volume (depending on the grammage of the paper) of this composition is 
transferred to the TECHPAP retention tester. This equipment consists of a baffled 
cylinder with an adjustable stirrer and a valve to release the pulp suspension onto a wire, 
situation. Under normal conditions the charge and therefore the PCD response has to be 
fixed. The stirrer is set to lOOOrpm stirring speed to simulate the shear forces of a paper 
machine circuit. According to the paper machine process all additives such as the cooked 
starch composition, poly acrylamide and other process chemicals as well as further 
amounts of water (to achieve a total volume of 1000ml) are added in a well-defined 
sequence, before this suspension is released onto the wire, which has a diameter of 15cm. 
During all trials the composition is added as the first component to have a sufficient 
reaction time. 

Beneath the wire a vacuum is applied after a certain holding time to remove the water 
from the suspension. This process simulates the dewatering of a paper machine. 

The wet sheet is then removed from the wire and is then dried and pressed at 140°C for 
5min. 

The white water of the sheet forming process is analysed regarding cationic/anionic 
demand (PCD), turbidity and iodine staining. 

The cationic demand of the white water gives an indication about the overall charge 
negative avoiding any overcharging of the paper machine circuit. 

Turbidity is measured with a photometer and gives an indication for the total retention of 
the fibre and filler material. A high turbidity figure therefore indicates a high amount of 
fibres, filler or fines in the white water, which means a poor retention. . 
Iodine staining is also determined with a photometer at 585nm wavelength. The starch in 
the white water forms a complex with the iodine solution, which results in a blue staining 
of the starch. This can be used to determine the starch self-retention. A high figure 
indicates (depending on the calibration curve) a high amount of free starch in the white 
water. This starch was not successfully retained on the fibres and can therefore not 
increase paper strength. 
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The compositions have shown excellent self-retention figures indicated by low iodine 
staining values. Filler and fines retention was always on the same level compared to a 
conventional wet-end starch. 

After being stored for 24 hours under standardised, DIN method conditions, the sheets 
are tested according to the following methods. 
Physical testing: 

Breaking Load, Breaking Length and elongation DIN EN ISO 1924-2 

CMT (Concora Medium Test) DIN EN ISO 7263 

SCT (Strip Compression Test) DIN 545 1 8 

Burst strength DIN 53141 part I 

Internal Bond or Plybond strength DIN 545 1 6 

Ash DIN 54370 

For the lab evaluation standard cationic wet-end starches with different degrees of 
substitution were manually mixed with anionic starches such as oxidised maize or waxy 
starches modified with maleic or succinic anhydride. The mixtures were then batch 
cooked at 96°C (holding time 30min.) 

In two paper systems ("Waste" and "Coating base paper") the aforementioned mixtures 
were tested in comparison to cationic reference starches. The results clearly show that 
higher addition levels are possible whereas cationic starches reach their limits quite fast. 
The lab sheets were tested after drying at 140°C for 5min. and storing under standard 
climate for 24hours. Size press application was not simulated on lab scale. 
Reference starch is standard product QUAB with D.S. 0.035. 



Table 1. Lab results for Coating Base paper 







Reference 

2% Cationic Potato 
Starch 


Composition 

3% Anionic/Cationic 
Starch 


Composition 

5% Anionic/Cationic 
Starch 


Internal Bond 


[N] 


177 


285 


275 


Breaking 
Length 


[m] 


4600 


4800 


5500 


Ash 


[%] 


4.3 


5.0 


4.6 



Table 2. Lab results for Fluting (100% recycled fibres) 







Reference 

2% Cationic Potato 
Starch 


Composition 

3% Anionic/Cationic 
Starch 


Composition 

5% Anionic/Cationic 
Starch 


Bursting 
Strength 


[kPa] 


291 


288 


329 


SCT 


[N/m 
] 


3564 


3492 


3844 


Internal Bond 


[N] 


150 


197 


218 


CMT 


[N] 


220 


214 


227 


Breaking 
Length 


[m] 


4200 


3700 


4600 


Ash 


[%] 


8.0 


8.3 


8.6 



It has to be underlined that the maximum addition rate for a cationic potato starch in the 
aforementioned lab evaluations was limited to 2%. A higher dosage or lower substituted 
starches led to overcharging effects or insufficient paper properties. 
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Tables 1 and 2 show that higher dosage is possible using cationic/anionic starch mixtures 
when compared with conventional cationic starch. The paper produced with mixtures 
according to the present invention have a higher internal bond strength a higher breaking 
length and an increased bursting strength. 

Starch/Polymer Mixtures 

Starch/polymer mixtures were also tested under lab conditions with similar results. These 
mixtures mainly consisted of anionic starch (oxidised; and succinic anhydride modified) 
and cationic PAM or PVAM. 



The following results were obtained in a lab evaluation: 







Blank 


Composition 1 

2% Oxidised Starch + 
PAM 


Composition 2 

2% Succinilated Starch 
+ PAM 


PCD White Water 
(cationic demand) 


beq/1] 


61 


120 


66 


Breaking Length 


[m] 


3500 


4000 


3700 


CMT 


[N] 


147 


167 


162 


Ash 


[%] 


9.2 


10.3 


10.5 



The aforementioned mixtures consist of anionic starch (oxidised) and cationic 
polyacrylamide. They were cooked together by direct steam injection (jet cooking) at 
125°C. 
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Example 3 

Experiments were performed on large scale equipment to confirm the lab scale tests. 
Results are shown in Table 3. 



Table 3. Results of a full scale machine trial 







Reference 

5% Size Press Starch + 
0.9% Wet-End Starch 


Trial 

2.5% Composition of Anionic + 
Cationic Starch 


Machine Speed 


[m/min 

] 


225 


250 


Machine Production 


[t/hour 
] 


9.1 


11.06 


Scott Bond 


[units] 


195 


255 


Tensile Strength 


[m] 


5,400 


6,900 


Ash 


[%] 


8.3 


7.4 



This trial was performed on a twin wire Fourdrinier machine producing coating base 
paper. The grammage was 190g/m 2 . The starch mixture was cooked by steam injection 
(jet cooking) at 125°C and dosed at the machine chest (same addition point like the 
conventional wet-end starch). 

Table 3 shows that the addition of 2.5 % of the composition according to the present 
invention gives a machine and product performance which is above that* when size press 
starch and wet-end starch are used. 



14 



Claims 



1 . A composition of matter which consists of an anionic and a cationic starch. 

2. A composition of matter according to claim 1 consisting of an anionic and a cationic 
starch having an anionic demand (PCD) of lower than 200jieq/l. 

3. A composition according to claim 1 wherein the anionic starch is oxidised maize 
starch or waxy starch modified with maleic or succinic anhydride. 

4. A composition of matter according to claim 1 wherein the ratio of anionic to cationic 
starch is between 1:10 and 10:1 (w/w). 

5. A method for producing paper or board comprising the step of 

a) cooking a composition consisting of an anionic and a cationic starch, 

b) adding the cooked composition of the previous step to the wet end of the 
paper production process and 

c) drying the paper or board. 

6. A method according to claim 5 wherein in the composition of step a) the ratio of 
anionic to cationic starch is between 1:10 and 10:1 (w/w). 

7. Paper or board comprising a composition according to any one of claims 1 to 4 
in an amount of between 1 and 1 0 % (w/w), preferably between 2 and 8 % and more 
preferably between 4 and 6 %. 

8. A process for preparing paper or board wherein the use of the size press is replaced by 
the addition of a composition as claimed in any one of claims 1 to 4. 



Starch compositions and the use thereof in the wet-end of paper preparation 

CER-103 

Abstract 

The present invention relates to compositions of starch. The compositions consist of an 
anionic and a cationic component. The compositions are surprisingly not resulting in an 
agglomerated product when cooked. The compositions are used in paper or cardboard 
preparation. The compositions are cooked and added at the wet end of the paper 
production process. This results in a high possible addition level and the use of the size 
press is abolished. The resulting paper and board are shown to have better characteristics 
than the paper and board prepared with the same components which have not been mixed 
prior to addition but which are added separately. 
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